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EARPHONES 



A matrix of M x N pixels is generated in which distance along one spatial axis is represented by discrete sound frequen- 
cies and distance along the orthogonal axis is represented by the time lapse following a reference sound pulse. The kght intensity 
of a pixel is represented bv the amplitude of the sound at both a particular frequency and a particular tone after the reference 
sound pulse is generated. A camera ( 10) receives radiation on a pixel matrix, the information from which is output serially. Cir- 
cuitry (38) is provided to transform the output information into parallel format. Discrete frequency audio earner signals are pro- 
duced by a signal generator (14). A modulatormodulates the carrier signals with the parallel information. A transducer (26) con- 
verts the modulated signals into audible signals. A switch (22) channels amultiple frequency pulse to the transducer (26) prior to 
each new frame of information being a inputted from camera (10). 
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SOUND PATTERN GENERATOR 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to providing a means 
of transforming any data which can be represented in 
5 a format of M x N individual datum into an audible 
representation of these data. Each datum can have 
individually specified properties. 

One application of this technique is to 
provide an audible representation of video data. 
10 Since these data can be readily assimilated by the brain 
they can provide either an aid to the visually handi- 
capped or they can provide supplementary visual 
information to normally sighted persons. 

Discussion of Related Art 

1S The problem of providing a source of sensory 

stimulation for sight impaired persons in an attempt 
to replace lost visual perception has been pursued 
for many years . One example of an attempt to solve 
the problem is the use of physical stimulators which 

20 are driven by an apparatus receiving visual stimuli. 
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The physical stimulators can be placed on a certain 
area of the handicapped person's body and a pattern 
of stimulation is produced representative of the visual 
pattern which would ordinarily be seen. 
5 Also, substantial work has been done in' 

converting visual stimuli into an auditory display 
comprising patterns of sounds which the handicapped 
person can be taught to associate with certain visual 
stimuli. One example of such a device can be seen in 
10 U.S. Patent No- 3,800,082, issued March 26, 1974, to 

Pish. The Fish , system .provides an auditory display of 
two-dimensional patterns by use of a slow scan tele- 
vision camera for producing first and second voltages 
respectively indicative of the vertical and horizontal 
IS positions of the scan and a further voltage indicative 
of the intensity at each point of the scan and hence 
of the presence or absence of the pattern at that 
point. The vertical position of the scan is represented 
aurally by the frequency of the tone heard, the first 
20 voltage being used to control the frequency output of 
a VCO- The horizontal position of the scan is repre- 
sented aurally by the interaural difference between 
.two tones presented so that a point on the left side 
of a pattern is indicated by a relatively loud sound in 
25 the left ear. However/ it is noted that a raster- type 
scan as used in Pish requires that the scanning time be 
of large duration in order to insure that the sound 
Pattern range produced is within the audible frequency 
range of a human being. 
30 u.s. Patent No. 3,907,434, issued September 

23, 1975, to Coles, shows a sight system for producing 
binaural sound representative of the location of a 
visible object with respect to a listener, the system 
includes means for generating first and second time 
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related signals of an audible frequency and a headset 
having two independently operable earphones which are 
connected to the signal generating means for reproducing 
sound in each of the earphones in response to each of 
the first and second signals, respectively. One apparent 
difficulty with the Coles invention is that the use of 
both ears is required to receive the visual stimulation. 
Accordingly/ normal aural stimulation can no longer be 

received by the user. 

U.S. Patent No. 4,000,565, issued January 4, . 
1977, to Overby et al. , . shows an apparatus for con- 
verting silent digital visual display characters into 
sequentially enunciated audible tones. The apparatus- 
takes the output from a visual display, serially by- 
character, and converts the serial characters into 
serially enunciated tone codes according to a given' code 
format which is" then reproduced through an output 
transducer so that the audible tones may be understood 
by the user. It should be understood that the Overby 
et al. device does not attempt to simulate sight but 
merely provides a means for audible recognition and' is 
thus limited in use. 

SUMMARY OF THE INVENTION 

One object of the present invention is to 
provide artificial monochromatic sight for the blind 
which also has the capability of distinguishing between 

colors, if desired. 

A further object of the present invention is 
to provide a system whereby visual stimuli are. trans- 
formed into audible sound patterns representative of the 
scene depicted by the visual stimuli. 
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An even further object of the present invention 
is to provide a system wherein the visual stimuli are 
sensed by a camera and transformed from a serial output 
to a plurality of parallel channel outputs which produce 
5 a plurality of timed audible , variable intensity signals 
to simulate sight. 

An additional object of the present invention 
is to provide a unique DC nulling integrator with constant 
output amplitude for use in the system of the present 

10 invention for transforming square wave inputs to sine 
wave outputs which circuit is- capable of use in a 
frequency range equivalent to the normal human audible 
frequency range. 

In accordance with the above objects, the 

IS system of the present invention utilizes a television 

camera system for generation of electrical signals which 
represent the visual image scanned by the system. The 
camera produces a 64 x 64 image matrix which is outputted 
in serial form and transformed to a 64 channel parallel 

20 output format by the system. 

The audio signals required for the system are 
•provided by an audio signal generator comprising a 
clock which drives two top octave generators. This 
provides the first 24 channel octave with subsequent 

25 cccaves being derived by digital counter stages which 
divide the original frequency by two. 

The sound channels provided by the audio signal 
generator are square waves and as such are not suitable 
for use as carrier signals* The square waves are converted 

30 to sine waves by two stages of a unique integration circuit. 
The sine waves are then transmitted to 64 modulators. 
At the modulators, the audio signals are modulated by 
the 64 parallel video signals. The modulated sound waves 
are then transmitted to a summing circuit and finally 
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through a power amplifier to earphones. 

At the end of the transmission of each set 
of 64 channels, a timing signal passes a new frame 
signal to the earphones to provide a timing signal to 
5 the listener indicating the presence of a new frame 
about to be transmitted . 

These together with other objects and 
advantages which will become subsequently apparent 
reside in the details of construction and operation as 
10 more fully hereinafter described and claimed, reference . 
being had to the .accompanying- drawings forming a part 
hereof, wherein like numerals refer to like parts 
throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1S Figure 1 is a block diagram representation 

of the sound pattern generator. 

Figure 2 is a block diagram representation 
of the video signal generator of the present invention. 

Figure 3 is a block diagram representation 
20 of the audio signal generator of the present invention. 

Figure 4 is an electrical schematic diagram 
representation of one DC nulling integrator with constant 

_ a --ii- u da used in the square wave co sine wave 
convertor of the present invention. 
2 - Figure 5 is a graphical representation indi- 

cating the timing sequence of the present invention. 

DISCUSSION OF THE PREFER RED EMBODIMENT 

Now with reference to the accompanying drawings, 
a sound pattern generator built according to the principles 
and concepts of the present invention will be described 



30 



in detail. 
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With particular reference to Fig. 1, it can 



be seen that the over-all system of the invention com- 
prises a video signal generator 10 feeding audio modu- 
lator 12. Video signal generator 10 includes a video 
5 camera which can be any standardly available type 

producing/ for instance a 64 x 64 matrix output accessed 
by a standard raster scan, in which case the video 
signal generator is operative to transform the raster 
scan into a 64 channel parallel output with the 64 

10 channels representing 64 horizontal lines of the camera - 
scanned from left to right... Each of the 64 channels 
outputted from video signal generator 10 is used to 
modulate a separate sine wave signal in audio modulator 
12. The sine wave signals represent 64 discrete 

15 frequencies within the audible range and are generated 
by audio signal generator ^14 . The output of generator 
14 is in the form of 64 discrate square wave functions, 
each of which is doubly integrated to produce the desired 
sine wave functions- Integration is carried out by 

20 square wave to sine wave converter 16 which contains 64 
channels for integrating the 64 inputted square waves. 
Each of the 64 channels of convertor 16 comprises two 
series connected integrating circuits for producing the 
desired output . 

25 The output of audio modulator 12 is in the 

form of 64 discrete amplitude modulated signals which 
are inputted to a summing circuit 18. It is noted that 
the individual modulators of modulator 12 are conventional 
modulator circuits in which the audio signals are amplitude 

30 modulated by the video, signals from the video signal 
generator 10 . Amplitude modulation is the preferred 
modulation technique as it generates minimal sum and 
difference side bands above and below the carrier 
frequency to interfere with the other 64 channels-. It- 
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is also noted that while the side bands will overlap 
the other carrier frequencies, the listener's brain will 
be able to unscramble the overlap to determine an 
accurate signal and thus additional filtering of the 64 

5 channels should not be necessary except in severe cases. 

The. 64 channels inputted to summing circuit 
18 are added to produce a single raulti- frequency output 
on line 20. The output on line 20 therefore contains a 
signal having characteristics analogous to the horizontal 

,0 and vertical characteristics of the video image seen on - 
the video camera- of video signal generator 10. Vertical 
differences are discernible by frequency differences 
'of the 64 channels, while' horizontal characteristics are 
discernible by the time lapse that a specific tone is 

5 heard after the beginning of the receipt of the carrier 
signal. Also, intensity of specific images is discernible 
by the level of amplitude modulation of a specific carrier 
frequency. This signal is then transmitted through new 
frame switch 22 and audio power amplifier 24 to headphones 

0 26 which are worn by the user. 

It i--_gvidea t from the above that each fram e 
seen by the vide o camer a of generat or^ 1C i_is_ transmitted 
by the 64 chan nels inputted to audi o _ modulator 12_ has 
a specific time dura-im. Acccrdir.gly , it is r.acassary 

5 no provi^"e __ thXTIstener with a signal indicating the 
beginning of a new frame. This signal is produced by 
summing 72 square wave outputs of audio signal generator 
14 in summing circuit 28. Accordingly, summing circuit 
28 outputs onto line 30 a single constant amplitude signal 

0 resulting from the combination of 72 discrate frequency 
signals in the audible range. At the end of each frame, 
video signal generator 10 produces on line 31 a single 
pulse signal indicating that all the information in a 
single frame has been outputted. The signal on line 31 
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is operative to cause new frame switch 22 to move from 
the normally closed position connection line 20 to power 
amplifier 24 to the alternately closed position wherein 
line 30 is connected to power amplifier 24. Accordingly, 
5 at the beginning of each new frame , the listener hears 
es sentially an impluse indicating that the next signal to 
be heard represents a new frame image and t hus the next 
sounds heard represent that left hand side of the image 
as the image is scanned from left to right. 

10 Now with the reference to Fig. 2, the video 

signal generator 10 will.. be .described in more detail. 
The camera 32 is that videp camera which was mentioned 
above and can comprise any standardly available camera 
system. One example of such a camera would be the IPIC 

15 64 x 64 matrix array camera which has a resolution of 

4,096 picture points, the array having a square matrix of 
64 x 64 photo-diodes- Clearly, the above discussion 
relates to use of such a camera having a 64 x 64 matrix. 
Another camera which is readily adaptable for use in the 

20 present invention is the Periphicon Type 511 Optical 
Image Digitizer* The Type 511 produces a 32 x 32 pixel 
array and thus has less resolution than the IPIC camera. 
Obviously, the type of camera chosen would be dependent 
upon the resolution desired s.nd the cansra frecuencv 

25 response. Zt is no-ced rhar the present system can easily 
be used for infra red or ultra violet detection given that 
the camera used is capable of response in the appropriate 
frequency ranges . The video camera 32 utilizes a standard 
raster scan technique for outputting information from the 

30 individual pixels. The system used for transforming the 
serial raster scan output into 64 parallel channel outputs 
will now be described. The system is similar to that used 
by Chodil for displaying a television picture on an M x N 
gas display panel and . is discussed, in "Good Quality TV 
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Pictures Using a Gas Discharge Panel" IEEE Transactions 
on Electron Devices, Vol. ED-20, No. 11, November 1973. 
pp. 1098-1102. A high frequency video clock 34 sequenti- 
ally accesses each of the pixels of camera 32 in the pre- 
5 determined raster scan scheme associated with the camera. 
At the same time, clock. 34 drives a 64 element ring counter 
36 which sequentially enables each of 64 sample and hold 
circuits which are located in block 38. Information for 
each of the pixels is sequentially outputted on line 40 

10 and stored in individual sample and hold circuits. By - 
the proper physical orientation of camera 32, it is possible 
to produce a pixel output, which progresses from the bottom 
to the top of the screen and from left to right across ;;t the 
screen. Accordingly, the contents of the sample and 

15 hold circuits can be outputted simultaneously, thus 
changing the serial input to a parallel output. In 
this manner, 64 parallel channels can be transmitted 
element by element from the sample and hold circuits 38 
with elements occupying similar positions in each channel 

20 being emitted simultaneously. The delay and timing cir- 
cuit 42 receives line synchronization and the field 
synchronization signals formed in camera 32.. The line 
synchronization signal is transmitted to the reset, -enable 
and biankinc circuits 44 to cause the previously stored 

25 signals in block 33 to be transmitted and all the 

sample and hold circuits to be reset, thus enabling them 
to receive the next line of sequential inputs. When the 
entire single frame of camera 32 has been transmitted 
through line 40, the camera is reset and emits the field 

30 synchronization signal to circuit 42. The field 

synchronization signal is passed through the reset, enable 
and blanking circuit where it is properly conditioned and 
passed through line 31 to new frame switch 22 shown in 
Fig. 1- 
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In operation/ it will be understood from the 
above that video clock 34 continuously runs causing a 
stream of serial pulses to be passed through line 40 to 
the sample and hold circuit 38. Ring counter S4 
5 sequentially enables each of the 64 sample and hold 

circuits in block 38 so as to receive one of the serial 
outputs. Once a complete line of outputs has been 
emitted as indicated by a line sine signal received from 
the camera 32, the stored values in sample and hold 

10 circuits of block 38 are simultaneously passed to the 
modulator drivers 48. contained in audio modulator 12. 
The timing of the transmission of these values together 
with resetting of the sample and hold circuits them- 
selves is controlled through blocks 42 and 44. When 

15 one entire frame has been transmitted through line 40 , 
a field sine signal is received by block 42 together 
with the line sine signal and accordingly a pulse is 
emitted on line 31 at the same time as sample and hold 
circuits 64 are reset to receive the first inputs from 

20 the next frame. 

Xt is apparent that each entire frame is 
passed through line 40 and thus line 40 provides an 
access point at which the video picture can be conditioned 

25 image analyzing techniques. An image analyzer block 
50 can thus be inserted in line 40 if desired through 
image -analyzer techniques and the critical elements of 
the visual scene can. be enhanced, projected or processed 
in any desirable manner. 

30 Referring to Fig. 3, the audio signal generator 

14 will be seen to include an. audio clock 52 which drives 
a top octave generator 54. Top octave generator 54 can 
be a standard device such as the MOSTEK 50 24-0 and pro- 
vides the odd numbered 12 channels, including channels 
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1 through 23. The output of clock 52 is also passed 
through a divider 58 which feeds a second top octave 
generator 60 which produces even numbered channels 2 
through 24., Channel 1 from top octave generator 54 is 
5 a 16 Jcilohertz signal with each of the other outputs 
from top octave generator 54" being 1/12 of an octave 
below that. Channel 2, which is the first output from 
top octave generator 60 is 1/24 of an octave below 
channel 1 and each of the other outputs from top octave 

10 generator 60 are 1/12 of an octave apart thus making 
each of the channels 1 .to 2.4 .1/24 of an octave apart. 
Channels 25 through 48 are generated by dividing the 
outputs of top octave generators 54 and 60 by two as ; , 
shown in divide by two stages 62 and 64. Similarly/.. 

15 channels 49 through 72 are produced by dividing channels 
25 through 43 by two in stages 66 and 68. Channels 1 
through 64 are fed to square wave to sine wave converter 
15 and integrated therein to produce 64 sine wave out- 
puts which are 1/24 of an octave apart in the audible^ 

20 frequency range. 

The square wave to sine wave converter 16 
includes in each channel two DC nulling integrators. 
Double integration of the square waves reduces the 
third harmonic in the square wave by a factor of 29 thus 

25 providing a usable sinusoidal carrier signal at the 
input frequency. One of the nulling integrators is 
shown in detail in Fig. 4. The nulling integrator is 
generally labelled 70. Integrator 70 integrates its 
input signal, nulls out the DC component of that signal, 

30 and provides a constant amplitude output regardless of 
the input frequency over the useful operating range of 
the circuit. 

An input line 72 is connected to one of the 
channels from the audio signal generator and passes that 
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signal to the inverting input of an operational 
transconductance amplifier 76, such as a CA 3094 or 
CA 3080- The transconductance amplifier 76 provides a 
variable gain output and acts as a current source to 
5 operational amplifier 78 , the inverting input of which 
is connected to the output of amplifier 7 6. A 4.7 
M ohm resistor 8 0 is connected between the output and 
input of operational amplifier 78 to stabilize the 
operational amplifier and a 220 pf integrating capacitor 

10 82 is also connected from the output to the inverting 
input of amplifier 78 so; -that the amplifier acts in 
an integrating mode." The non-inverting input of 
operational amplifier 78* is connected to ground. The 
integrated output of amplifier 78 is fed back through 

15 a low pass .filter comprising 22 K ohm resister 82 and 
10 microfarad capacitor 84 to the non-inverting input 
of transconductance amplifier 76. The output of 
operational amplifier 7 3 is also fed to a peak 
detector 8 6 which is used to control the gain of trans- 

20 conductance amplifier 7 6. Peak detector 3 6 comprises 
a diode 88 having its anode connected to the output of 
amplifier 78 and cathode connected to the inverting 
input of operational amplifier 90. The output of 
operational amplifier 90 is fed back to the inverting 

25 input through 1 microfarad capacitor 92 and 4.7 M ohm 
bleed resistor 94. A reference voltage is supplied by 
potentiometer 9 6 to the non-inverting input of amplifier 
90. The output of operational amplifier 90 is fed to 
the emitter of PNP transistor 98 , the collector of 

30 which is connected in control gain of transconductance 
amplifier 76. 



conductance amplifier 7 6 is integrated by operational 
amplifier. 7 8 and fed back through the low pass filter 



In operation, the amplified output of trans - 
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ccmprising resistors 82 and 84 to null out the DC 
component of the input signal on line 72. Since the 
amplifier 78 inverts the output from amplifier 76, 
the signal fed back to the non-inverting input of 
5 amplifier 76 is already negative thus providing negative 
feedback. The output from amplifier 78, having the DC 
component nulled, is passed to the peak detector 8 6 
which compares the output signal amplitude to the ampli- 
tude reference signal from potentiometer 96. Amplifier 

10 90 continues to increase the. drive to the PNP tran- 
sistor 98 and consequently; continues to increase the 
gain of amplifier 7 6 until the output amplitude reaches 
the output amplituide reference value set at potentiometer 
96. Any further increases in output amplitude will" 

15 result in a decrease in gain of amplifier 76. Therefore, 
the peak of the output voltage stabilizes at the output 
reference voltage. Since the nulling integrator cir- 
cuit does not require any calibration, is insensitive 
to input signal amplitude variations, and cancels any 

20 DC components of the input signals, it is readily ^ 
suited to mass production. 

These circuits can also be used in a variety 
of applications other than the present invention . The 
circuit is particularly useful in the synthesis of 

25 musical notes. For example, top octave generators and 
simple digital counters can provide square waves of 
frequency used in the synthesis of musical notes. A 
single stage of integration following the square waves 
produces a triangular wave. One additional integration 

30 produces a parabolic wave, which is a sine wave with 
3.62 third hamonic distortion. This amount of sine 
wave distortion is virtually undetectable on an 
oscilloscope trace, since the accuracy limits of such 
traces are around 5%. Additional stages of . integration 

35 can be used to further decrease harmonic content. 
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A musical synthesizer could use 100 of these 
circuits with a top octave generator and digital 
counters to produce 50 equal amplitude sine waves* 
The output amplitude for all the stages can be con- 
5 trolled by a single output reference amplitude* Each 
channel would also be locked to the phase of the 
oscillator driving the top octave generator. If the 
oscillator drifts, so does the top octave generator 
output, the counter outputs , and the integrator outputs, 
0 Thus, the signals necessary for electronic organs, 
pianos f music synthesizers, etc., can all be readily 
achieved when the integrator is used with top octave 
generators 'and digital counters. Since all these 
components are relatively inexpensive, the fabrication 
5 costs of these instruments can he very low. 

The circuit conf iguration 70 of Fig, 4 has 
been used for signals in the one kilohertz to 20 
kilohertz range. This operating range can be altered 
by simply changing the capacitor values in the circuit- 
0 With reference to Fig. 5 and again referring 

to Fig. 1, it can be seen that the timing diagram of 
Fig. 5 represents signals received by the earphones 
26. The abscissa of the graph in Fig. 5 represents 
tine periods beginning with a new frame signal while 
5 the ordinate of the graph shows amplitudes of 3 of 
the channels with the three channels being one octave 
apart. During the first time period represented in 
Fig. 5, the new frame switch 22 of Fig. 1 is positioned 
in the normally closed position by a signal which is 
0 emitted from camera 3 2 on the field sine line and 
passed through blocks 4 2 and 46. Accordingly, all 
of the square waves generated by audio signal generator 
14 are summed in summing block 23 to produce a pulse 
transmitted to. earphones 26 signalling . the beginning 
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of a new frame. This pulse is represented by the three 
square waves shown in the first time interval of the 
graph in Fig. 5. These square waves are labelled 100/ 
102 , and 104 and are associated with sinusoidal waves 
5 101, 103 and 105 respectively. The sinusoids 101, 103 
and 105 are generated by integration of the associated 
square waves in convertor 16 and modulated by the 64 
channel outputs of video signal generator 10 to produce 
the amplitude modulated signal shown in Fig. 5. It 

10 should be clear from the foregoing discussion that these 
sinusoids- are added together- with the other channels 
from the audio modulator and summed in summing circuit 
18 to produce a single signal transmitted to the ear- v " 
phones 2 6. With practice, the user can be taught to 

15 conceptualize a field in which the vertical' axis of the 
field is differentiated by high or low frequency tones 
and wherein the horizontal axis of the field is repre- 
sented by a real time scan starting with the new frame 
pulse generated by summing circuit 28.. As the time 

20 sweep progresses, the individual tones increase or , 
decrease in amplitude to represent objects present in 
the field and the shape of these objects can be dis- 
cerned by such variations. 

The foregoing is considered as illustrative 

25 only of the principles of the invention. Further, 

since numerous modifications and changes will readily 
occur to those skilled in the art, it is not desired 
to limit the invention to the exact construction and 
operation shown and described, and accordingly, all 

30 suitable modifications and equivalents may be resorted 
to, falling within the scope of the invention. 
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What is claimed as new is as follows: 

1. A system for producing a sound pattern 
representative of the image produced by a field of 
electromagnetic radiation, said system comprising: 
5 received means for receiving a spectrum 

of electromagnetic radiation; 

tr^nsf ormatiqn means for accepting said 
information and outputting said information on a 
plurality of parallel channels; 
10 audio signal generator means for producing 

a plurality of discrete frequency carrier signals in 
the audible range; 

modulator means for modulating each of 
said discrete carrier signals with a separate one of 
15 said plurality of channels outputted from said trans- 
: formation means; and 

transducer means connected to said modulator 
means for converting said modulated carrier signals to 
audible signals. 

20 2. The invention as defined in claim i 

wherein said receiver means comprises a video camera 
means for receiving an image in an array having a pixel 
matrix, and camera output means for serially outputting 
the information received by each pixel of said matrix. 

25 3. The invention as defined in claim 2 wherein 

said transformation means includes serial to parallel 
converter means for receiving said serial output and 
converting said serial output into a parallel output 
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forming said plurality of channels. 

4- The invention as defined in claim 3 
wherein said serial to parallel convertor includes 
a clock circuit for commanding access to each of said 
5 pixels in a raster scan pattern; a plurality a 

sample and hold circuits for receiving information from 
individual pixels and storing said information, a 
ring counter for sequentially accessing ones of said 
sample and hold circuits for . receiving information 
10 from only- a single pixel, and timing circuitry for out- 
putting the information from said sample and hold cir- 
cuits to form said parallel channels. 

5. The invention as defined in claim 1 
wherein said receiver means outputs information one 

15 frame at a time, and further including new frame signal 
producing means asscciatsd with said received means 
for outputting a new frame signal each time new frame 
information is generated. 

6. The invention as defined in claim 5 and 
20 further including an audible frame signal producing 

means responsive to said new frame signal for trans- 
mitting an audible signal to said transducer means 
upon the receipt of said new frame signal. 

7. The invention as defined in claim 6 where- 
25 in said audible frame signal producing means includes a 

summing circuit having an input receiving a plurality 
of discrete frequency waves from said audio signal 
generator and producing an output constituting the sum 
of the received signals, and switch means for receiving 
30 said new frame signal and passing the output of said 
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sunnning circuit to said transducer means upon receipt 
of said new frame signal, 

8. The invention as defined in claim 1 and 
further including wave shaping, circuit means for 

5 receiving the output of said audio signal generator 
and shaping said discrete frequency signals to produce 
sine wave signals, said wave .shaping circuit means 
comprising a plurality of nulling integrator circuit 
means, each of said discrete frequency signals being 
10 passed through .at least one nulling integrator circuit 
means for cancelling the DC component of said discrete 
frequency signal, integrating said frequency signal and 
outputting a signal having a predetermined amplitude* 

9. The invention as defined in claim 8 

15 wherein each of said nulling integrator circuit means 
comprises a gain controllable amplifier having -an 
input for receiving one of said discrete frequency 
signals and an output, integrator means having an input 
receiving the output of said gain controllable amplifier 

20 and having an output, negative feed back means connected 
from the output of said integrator means to the input 
of said gain controllable amplifier, said negative 
feedback means including a low pass filter for nulling 
the DC component of the input signal; and peak detector 

25 means connected to the output of said integrator 

means for detecting the peak of the signal outputted 
from said integrator means and controlling the gain of 
said gain controllable amplifier, 

10. The invention as defined in claim 9 

30 wherein said peak detector means includes a diode con* 
nected to the output of said. integrator means , refer-^ 
ence voltage means for producing a reference voltage, 
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and integrate and store means for integrating and 
storing the difference between the output of said diode 
and said reference voltage and controlling the gain 
of said gain controllable amplifier in accordance 
5 with said difference. 

11. A system for transforming frames of 
information stored in a two-dimensional matrix array 
into an audible signal having a plurality of frequencies 
with the frequencies representing one axis of the array. 

10 and, a time duration representing the other axis of 
the array, said system comprising information frame 
generation means comprising a plurality of discrete 
points arranged in a two-dimensional matrix array for 
receiving electromagnetic waves and generating infor- 

15 mation in response thereto; scanning means for scan- 
ning the elements of said matrix and outputting the 
information contained therein in serial form; new frame 
signal generation means for .generating, a signal upon 
completion of one complete scan of the elements of^ 

20 said matrix; serial to parallel convertor means for 
receiving said serial information and transforming it 
into a plurality of parallel channels of information; 
and utilization circuitry means for receiving said 
parallel channels in said new frame signal and including 

25 transducer means for outputting an audible signal in 
response to said new frame signal and a multiple 
frequency signal in response to said parallel channels. 

12. The invention as defined in claim 11 
wherein said utilization circuitry means includes an 
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audio signal generator for producing a plurality of 
discrete frequency carrier signals; modulator means 
for modulating each of said carrier signals by one 
of said parallel channels of information; and summing - 
5 circuit means for summing each of said modulated 
signals* 

13. The invention as defined in claim 12 
and further including wave shaping means for receiving 
the output of said audio signal generator and forming 
10 each of said carrier* waves into sine waves, said 
wave shaping means 'including a plurality of nulling 
'-integrator means for nulling the DC component of each 
of said carrier waves and integrating each of said 
carrier waves, 

15 14 • A nulling integrator circuit for use in 

wave shaping of signals in a predetermined frequency 
range, said circuit comprising a gain controllable 
amplifier having a first input for receiving the signal 
to be shaped and an output, integrating circuit means 

20 for integrating the output of said gain controllable" 
-amplifier, said integrating circuit means including an 
output; negative feedback circuit means containing a 
low pass filter connected from the output of said 
integrated means to the input of said gain controllable 

25 amplifier for nulling out the DC component of the 

input signal to said gain controllable amplifier; and 
the peak detector means connected to the output of said 
integrator means for controlling the gain of said gain 
controllable amplifier in response to the amplitude of 

30 the output of said gain controllable amplifier. 
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15. The invention as defined in claim 14 
wherein said peaJc detector circuit means includes 
reference signal generation means for generating a 
reference signal, a diode having its anode connected 

5 to the output of said integrator means and the peak 
integrator means for receiving the output of said 
diode and said reference signal, forming the difference 
between the output of said diode and said reference 
signal, integrating said difference and controlling 
10 the gain of said gain controllable amplifier indep- 
pendent upon said difference. 

16. The invention as defined in claim 15 
wherein said peak integrator means comprises an 
operational amplifier having a non-inverting input 

15 connected to said reference signal generation means 
and having a non-inverting input connected to the said 
reference signal generation sesns and having a non- , 
inverting input connected to the output of said diode,, 
and including an integrating capacitor connected 

20 between the output of said operational amplifier and 

said non-inverting input and a bleed resistor connected 
in parallel to said integrating capacitor. 

17. The ir.van-i™ as defir-ai in - - b 
wherein the output ox said peak integrator means drives 

25 a transistor means acting as a current source to said 
gain controllable amplifier. 
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